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Chronic exposure of the skin to sunlight results in severe 
dermal connective tissue damage that is characterized by the 
basophilic degeneration of collagen and the accumulation of 
an elastotic material. The aim of this study was to identify 
changes in collagen (the major structural protein of the skin) 
in ultraviolet irradiated mouse skin using immunochemical 
and biochemical techniques. Specific antibodies directed 
against the aminopropeptide of type III procollagen were 
used in immunofluorescence and immunoblotting studies. 
Immunofluorescent staining of irradiated and nonirradiated 
mice skin showed that the aminopropeptide of type III pro-
collagen was distributed throughout the dermis in a pattern 
similar to that observed for type I collagen. Extracts of irra-
diated (5 and 10 weeks) and nonirradiated skins were then 
I t is well established that chronic exposure of the skin to sunlight causes erythema, skin cancer, and dermal connec-tive tissue damage [1]. The major histologic findings in ac-tinically damaged skin include the basophilic degeneration of collagen and the accumulation of an abnormal elastotic 
material in the dermis [2-4]. The e1astotic material has an amino 
acid composition similar to normal elastin [5]. leading to the con-
clusion that the material represents altered elastin. Other investiga-
tors [6] , however, believe that the collagen is modified such that it 
acquires the staining properties of elastin. Immunochemical studies 
also have showed that the elastotic material consists predominantly 
of elastin, microfibrillar proteins, and fibronectin [7]. However, the 
extensive distribution of the e1astotic material in the dermis sup-
ports the idea that collagen is involved in its formation. 
Dermal connective tissue alterations can be induced by ultraviolet 
irradiation in hairless mice [8 - 14] that mimic the changes found in 
human sundamaged skin. Increased quantities of elastic fibers and 
glycosaminoglycans have been observed in UV irradiated mouse 
skin and some changes in collagen metabolism have also been de-
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Abbreviations: 
AP: aminopropeptide 
PBS: phosphate-buffered saline 
pNa,: alpha chain of collagen containing the aminopropeptide 
RIA: radioimmunoassay 
SDS-PAGE: sodium dodecyl sulfate-polyacrylamide gel electropho-
resIs 
UV: ultravio let 
subjected to immunoblotting techniques. Levels of pNa! 
type III procollagen (measured by radioimmunoassay) were 
reduced in the extracts prepared from skins of mice that were 
irradiated for 5 and 10 weeks. Immunoelectron microscopy 
verified the loss of pNa! type III procollagen in irradiated 
skin. Collagen fibers of nonirradiated skin demonstrated 
normal labeling with antibody directed against the amino-
propeptide of type III procollagen. In contrast, collagen 
fibers of 10 week irradiated skin failed to label with this 
antibody. T he pNa! type III collagen is known to coat type I 
collagen fibers of normal skin. Therefore, its absence from 
the surface of type I collagen fibers of irradiated skin may play 
a role in the development of the elastotic; material. ] Invest 
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scribed. The activity of prolyl hydroxylase [11] was found to be 
decreased in UV A-treated mice and the proportion of type III colla-
gen was reported [12] to be increased in irradiated mouse skin. 
In previous work [14] we have demonstrated that the elastic fiber 
components (elastin and microfibrillar proteins), fibronectin, and 
glycosaminoglycans are increased in UV irradiated mouse skin. The 
aim of this study is to identify changes in collagen in UV irradiated 
hairless mice using immunochemical and biochemical techniques. 
MATERIALS AND METHODS 
Anitnal Treatment Hairl ess albino mice (Skhjhr-l strain), 10 
weeks old, were irradiated by a bank of six Westinghouse FS 20 
sunlamps as previously described [14] . A group of age-matched mice 
that were not treated served as controls. After 5 and 10 weeks of 
irradiation, animals from the control and irradiated groups were 
ki lled by cervica l dislocation and strips of dorsal skin were removed. 
Im-munofluorescence Microscopy Frozen sections (8 f1 thick) 
were defatted and digested for 30 min with hyaluronidase (2 mgj 
ml in PBS). Immunofluorescence was done as previously described 
[14]. Purified antibodies against the aminopropeptide of types I and 
III procollagens (prepared from dermatosparactic calf skin type I 
and calf skin type III pN collagens) were prepared in rabbits and 
purified by precipitation, DEAE cellulose chromatography, and im-
munoabsorption on native or denatured procollagens [15] . In addi-
tion, an antipody directed against calf type I collagen [1 5] was raised 
in rabbits and purified by immunoabsorption. The antibodies were 
determined to be specific by passive hemaglutination and radioim-
munoassays [15]. 
Extraction of Pro collagen from Monse Skin Procollagen was 
extracted from 5 and 10 week irradiated and control skin as pre-
viollsly described [16] . Essentially, skin samples were extracted in 
0.125M Tris buffer, pH 6.8, containing 2% SDS and protease inhib-
itors and centrifuged at 12000 g for 30 min at room temperature. 
The supernatants were then used for Western immunoblotting and 
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radioimmunoassay procedures for the detection of pN types 1 and III 
collagens and the quantification of pN type III collagen. 
Western Immunoblotting Extracts were electrophoresed on 
polyacrylamide gels consisting of a 4.5% stacking gel and a 5.5% 
running gel at 5 mamp overnight as described by Laemmli [17]. All 
samples were reduced with p-mercaptoethanol before electropho-
resis and equivalent amounts of protein (as determined by Lowry 
[18] procedure) were applied to the gel from each sample. Proteins 
were transferred from the polyacrylamide gel to nitrocellulose 
based on the procedure of Towbin et al [19]. The nitrocellulose 
sheets were incubated for 6 h with antibody directed against the 
aminopropeptide of proal (I) chains or proal (III) chains (20 Ilg 
IgG/ml). The sheets were then washed and treated with 125I_pro_ 
tein A (Amersham) for 1 h. After washing, the nitrocellulose was 
dried and exposed to Kodak XOMAT film at -20°C with intensi-
fying screens. The films were scanned using a Beckman DU 8 
Spectrophotometer (550 nm), and the percentage of pNa l (III) 
procollagen was calculated from the area under the peaks. 
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Radioimmunoassay for pN III Collagen The content of pN 
type III collagen in the extracts was determined using an RIA-
procollagen-Ill-peptide kit (Behringwerke AG, Marburg, Federal 
Republic of Germany). 
Immunoelectron Microscopy Unfixed specimens (0.5 - 1 111m 
thick) were incubated with antibody directed against the aminopro-
peptide of type III procollagen for 24 h and washed in 0.01M PBS 
for 24 h. They were then incubated for 24 h with goat anti-rabbit 
IgG adsorbed onto 5 mm colloidal gold particles (Auroprobe Gold, 
Janssen Lab, Piscataway, NJ) suspended in20 rnM Tris HCl, 0.15M 
NaCI, 20 rnM sodium azide, 0.1 % bovine serum albumin. After 
extensive washing with the above buffer, tissues were fixed in 2% 
glutaraldehyde, 2.5% paraformaldehyde, 0.5% rnM CaCl2 in 0.1M 
cacodylate buffer, pH 7.4, dehydrated with alcohol, and embedded 
in Spurs resin. Sections were cut and stained with uranyl acetate and 
lead citrate or phosphotungstic acid and examined in an electron 
microscope. Controls consisted of non-immune IgG of rabbit 
origin. 
Figure 1. Indirect immunofluorescence of irradiated (A ,C,E) and nonirradiated (B,D,F) mouse skin. A and B: incubated with antibodies directed against 
the aminopropeptide of type I procollagen (X 520). C and D: incubated with antibodies directed against the aminopropeptide of type III procollagen (X 260). 
E and F: incubated with antibodies directed against the helical domain of type I collagen (X 520). 
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Estimation of Types I and III Collagens Irradiated (10 weeks) 
and nonirradiated mice skins (100 mg wet weight) were sectioned 
in a cryostat (30 pm thick) in a plane parallel to the surface through 
the thickness of the sample to the bottom of the reticular dermis. 
The pooled sections were then pepsinized (10 ml of a 0.5 mg/ml 
solution of pepsin in O.lM acetic acid, pH 2.4) for 18 h at 4 0 C with 
stirring. The pepsin-insoluble material was centrifuged at 12,000 g 
for 30 min, resuspended in fresh pepsin solution, and digested for an 
additional 18 h at 4 0 C. The supernatants from the two digestions 
were combined. Samples were lyophilized, reconstituted (2 mg/ml) 
in a buffer containing 0.125M Tris (pH 6.8), 2% SDS, 10% glyc-
erol, and then boiled for 90 sec. Types I and III collagens were 
resolved by interrupted gel electrophoresis [20] on 6% acrylamide 
gels with in situ reduction. The gels were stained overnight in 0.2% 
(w Iv) Coomassie Brilliant Blue in 50% methanol, 10% acetic acid 
and destained in 45% methanol, 10% acetic acid until clear. The 
relative intensities of the at (III), at (I), and a 2(I) bands were deter-
mined using a Beckman DU 8 spectrophotometer (550 nm). 
RESULTS 
Immunofluorescence Microscopy The distribution of types I 
and III procollagens and type I collagen was studied in irradiated (10 
weeks) and nonirradiated mouse skin (Fig 1). Immunofluorescent 
staining of frozen sections showed the AP of type I procollagen at 
the dermal-epidermal junction and the basal layer of the epidermis 
(Fig lA,B). The AP of type I collagen has previously been localized 
by indirect immunofluorescence microscopy [15,21,22] and im-
munoelectron microscopy to an area beneath the epidermal base-
ment membrane in adult human skin. The staining of the epidermal 
keratinocytes probably represents a diffusion artifact. Frozen sec-
tions have been shown [23] to retain ,antigen expression. However, 
the tissue morphology is indistinct and its architecture is disrupted. 
The AP of type III procollagen was visualized in a diffuse pattern 
throughout the dermis (Fig lC,D). This staining pattern for the AP 
of type III procollagen resembled that seen for type I collagen (Fig 
lE,F) and is similar to that observed in human skin [21,22]. Con-
trols using nonspecific IgG were negative (not shown). 
Immunoblot Analysis Immunoblot analysis of extracts prepared 
from irradiated (5 and 10 weeks) and nonirradiated mouse skin 
revealed the presence of pNa l (III) and type III procollagen (Fig 2). 
The intensity of the staining for pNa l (III) bands appeared similar 
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Figure 2. Immunoblot analysis of irradiated (5 and 10 weeks) and nonirra-
diated skin extracts using antibodies directed against the aminopropeptide of 
type III procollagen. The results are typical of all extracts studied. Identical 
amounts of protein in the extracts were applied to the gel. Lanes A and D 
contain pNa, (III) standard; lanes Band E contain extracts from irradiated 
skins; lanes C and F contain extracts from nonirradiated skins. Free AP would 
migrate with the buffer front. 
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Figure 3. Immunoblot analysis of irradiated (5 and 10 weeks) and nonirra-
diated skin extracts using antibodies directed against the aminopropeptide of 
type I procollagen. The results are typical of all extracts studied. Identical 
amounts of protein in the extracts were applied to the gel. Lane A contains 
pNa, (I) standard; lanes Band D contain extracts from irradiated skins; lanes 
C and E contain extracts from nonirradiated skins: Free AP would migrate 
with the buffer front. 
in extracts from 5 week irradiated (Fig 2B) and nonirradiated (Fig 
2C) skin. In contrast, there was a significant decrease in the intensity 
of the pNat (III) band in the 10 week irradiated skin (Fig 2E) as 
compared with the nonirradiated sample (Fig 2F). In addition, 
lower molecular weight components were present in the 10 week 
samples that contained the aminopropeptide moiety. Furthermore, 
these proteins were more intensely stained in the irradiated skins 
and probably represent degradation products. Therefore the distri-
bution between the pNat (III) procollagen and its lower molecular 
weight derivatives was altered in the irradiated skin. The percentage 
of pNat (III) procollagen in the extracts (calculated by scanning 
densitometry) was found to decrease with irradiation. In a typical 
experiment 5 and 10 week nonirradiated extracts contained 45% 
and 49% pNat (III) procollagen, respectively, whereas 5 and 10 
week irradiated samples contained 32% and 10% pNat (III) procol-
lagen respectively. Blotting with antibodies against the AP of type I 
procollagen showed that type I procollagen was present in all ex-
tracts tested (Fig 3). 
Table I. pN Type III Procollagen Content (ng/mg wet 
weight ± SEM) in Extracts of Irradiated and Nonirradiated 
Mouse Skin 
Duration of Treatment 
5 weeks (n = 3)' 
10 weeks (n = 6) 
• n: Number of animals studied. 
Irradiated 
0.13 ± 0.03 
0.04 ± 0.01 
N onirradiated 
0.20 ± 0.01 
0.21 ± 0.02 
Table II. Percentage of Type III Collagen in Irradiated and 
Nonirradiated Mouse Skin 
Source of Pepsin-Solubilized Collagen 
Irradiated (n = 3)' 
Nonirradiated (n = 3) 
• n: Number of animals studied. 
% Densitometric Area 
for a, (III) 
21.3 ± 1.0 (SEM) 
19.6 ± 1.2 (SEM) 
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Determination of Pro collagen III Peptide The content of sol-
uble type III procollagen was determined in extracts for irradiated (5 
and 10 weeks) and nonirradiated mice skins by RIA. The RIA mea-
sures the total amount of AP present as type III procollagen, pN type 
(III) procollagen, and lower molecular weight species. Therefore, 
the data were corrected for the percentage of pNaJ (III) procollagen 
present in the extracts . These results are shown in Table I. Five 
weeks of irradiation resulted in a 35% loss of pNaJ (III) procolla-
gen, whereas 10 weeks of irradiation led to an80% loss of pNaJ (III) 
procollagen. Therefore, the reduction in the levels of pNaJ (III) 
procollagen was related to the duration of the UV irradiation. 
Immunoelectron Microscopy Collagen fibers of 10 week irra-
diated mouse skin failed to label with antibodies directed against the 
AP of type III procollagen (Fig 4A). In contrast, collagen fibers of 
nonirradiated skin demonstrated labeling with this antibody (Fig 
4B). Incubation with nonimmunized IgG failed to label (Fig 4C). 
Percentage of Type III Collagen Collagen was extracted from 
the skins of irradiated (10 weeks) and nonirradiated mice by diges-
tion with pepsin. The alpha chains of type III collagen were then 
resolved from the alpha chains of type I collagen. The percentage of 
type III collagen as calculated by scanning densitometry (Table II) 
in mouse skin was not significantly altered by irradiation. Approxi-
mately 20% of the total pepsin-solubilized collagen was type III 
collagen in irradiated and nonirradiated skins. 
DISCUSSION 
The histologic appearance of chronically sundamaged human skin 
has been described as the basophilic degeneration of collagen and 
the accumulation of an elastotic material. Although the biochemical 
mechanisms responsible for these changes are not known, there is 
some biochemical evidence [24] for the degradation of collagen in 
actinic elastosis . Animal models have been developed in which UV 
irradiation of mouse skin induces elastosis without the observed 
alteration in the collagen. These model systems have been used to 
study the early events in the development of actinic elastosis. In this 
investigation, the amount of pNaJ type III procollagen (collagen 
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Figure 4. Immunoelectron microscopy of irradiated (10 weeks) and nonir-
radiated mouse skin. A: irradiated skin fails to show labeling of collagen 
fibers with antibodies directed against the aminopropeptide of type III pro-
collagen. B: nonirradiated skin shows labeling of the collagen fibers with the 
same antibody. C: nonirradiated skin incubated with nonimmunized rabbit 
IgG. X 76,000. Bar: 100 nm. 
plus the amino pro peptide) was found to be reduced in mouse skin 
after 10 weeks ofuV irradiation. This alteration in collagen metab-
olism in irradiated mouse skin may represent the initial event in 
collagen degeneration. 
Immunofluorescence microscopy of mouse skin revealed that the 
AP of type III procollagen was present throughout the dermis. Its 
distribution paralleled that observed for type I collagen. Previous 
work on human skin [25] has shown that the aminopropeptide of 
type III procollagen is present at the surface of type I collagen fibers 
[26,27]. It has been proposed that intermediates between procolla-
gen and collagen participate in fibril formation. The antibody 
against the AP of type III procollagen will recognize the AP present 
in procollagen, pN collagen, or lower molecular weight species. 
Therefore the immunofluorescence pattern reflects the localization 
of the various forms. 
Western immunoblot analysis of the extracts prepared from irra-
diated and nonirradiated mouse skin clearly demonstrated the loss of 
pNaJ (III) procollagen species in the 10 week irradiated sample. 
There was a 35% decline in the content of procollagen (III) peptide 
(Table I) following 5 weeks of irradiation, whereas there was an 
80% decrease after 10 weeks of treatment. The decrease in the pNaJ 
(III) procollagen therefore corresponded to the extent of the irra-
diation. This loss of the pNaJ (III) procollagen may be the result of 
proteolytic degradation. A potential source for these proteinases is 
the cells of the inflammatory infiltrate found in UV irradiated 
dermis [28-30]. 
We have used immunoelectron microscopy to visualize the AP of 
type III collagen on the collagen fibers of irradiated (10 weeks) and 
nonirradiated mouse skin. The pNaJ (III) procollagen was present 
at the surface of collagen fibers in nonirradiated skin. However, this 
coating was absent in the irradiated skin. The loss of the pNaJ (III) 
procollagen from the surface of the collagen fiber may alter the 
interaction of the collagen with other components of the extracel-
lular matrix such as fibronectin, glycosaminoglycans or elastin. The 
concentration of these components is increased in UV irradiated 
mouse skin [14]. 
We were unable to confirm previously reported data [12] that 
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showed changes in the ratio of type III/type I collagens in actini-
cally damaged mouse skin. The percentage of type III collagen in 
mouse skin was not significantly altered by UV irradiation in our 
study. This discrepancy may be explained by differences in the two 
methods employed or in the irradiation protocols used. 
The alteration of the surface of the collagen fiber may playa 
central role in the development of the elastotic material in actini-
cally damaged skin. This modification may also explain the ob-
served changes in the staining properties of the collagen in sun-
damaged skin. Work is in progress to determine if the collagen 
fibers of human sundamaged skin are altered in a similar manner. 
We would like to thatrk Dr. Rupert T impl Jor providitrg the antisera used in these 
studies. 
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